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Gallium Antimonide (GaSb) infrared solar cells were exposed to 1 MeV electrons and 
protons up to fluences of 1x1 0 15 cm' 2 and 1x1 0 1 2 cm' 2 respectively. In between 
exposures, current-voltage and spectral response curves were taken. The GaSb cells 
were found to degrade slightly less than typical GaAs cells under electron irradiation, and 
calculations from spectral response curves showed that the damage coefficient for the 
minority carrier diffusion length was 3.5x1 0 8 . The cells degraded faster than GaAs cells 
under proton irradiation, but we expect the top ceil and coverglass to protect the GaSb 
cell from most damaging protons. Also, some annealing of proton damage was observed 
at low temperatures (80-1 60°C). 


Introduction 

Mechanically stacked Gallium Arsenide (GaAs) and Gallium Antimonide (GaSb) solar cell assemblies have 
been shown to have efficiencies over 30% under concentrated AMO conditions (ref. 1) - In this design, the GaAs 
cell converts the visible light, but passes infrared light through to the GaSb cell underneath, which has a bandgap 
of 0.7 eV. The GaSb cell will provide an extra 6% to the GaAs cell's 24% efficiency. In combination with light- 
weight concentrator structures, these assemblies have the potential for providing power in space using 
significantly less area and weight than standard silicon space cells However, in order to survive the ! space 
environment, the cells must be able to withstand high energy electrons and P r °t° n s- GaAs ceHs have been 
shown to be more radiation resistant than silicon cells, but the effects on GaSb have never been stlJ died 
previously. In this paper, we report the effects of 1 MeV electrons and protons on GaSb solar cells measured by 
current-voltage and spectral response curves. 


Experimental Details 

The 5.4 mm diameter GaSb cells used in this experiment were processed as described in reference 2. 
Thev consist of n-type tellurium-doped substrates with a zinc diffusion on the front. The zinc diffusion was partially 
etched off between the gridlines to reduce heavy doping effects, and then an antireflection coating was 
deposited. Cells with various beginning of life efficiencies were used for each type of exposure. The cells were 
soldered down to ceramic pads, and the front of the cells were contacted by wirebonds. With some of these, 
GaAs cells were added, creating a finished assembly (except for a coverglass). This assembly is shown in Fig. 1 . 

Spectral response and current-voltage curves were taken before and after each radiation exposure. The 
one-sun short-circuit current was calculated by convolving the spectral response with the AMO spectrum (and for 
the bare GaSb cells, convolving the transmission of a GaAs filter as well). A small correction factor (106) was 
required to match the calculated currents before radiation exposure with the currents measured under a GaAs filter 
usinq an XT-10 simulator calibrated with a balloon-flight standard. Voltage and fill factor values were found from 
current-voltage curves taken under concentrated light. The short circuit current was approximately 50 times the 
one-sun current. The assemblies were measured on a temperature-controlled plate at 25 C. 

Cells were exposed to 1 MeV electrons and 1 MeV protons in a Dynamitron system. The total exposure 
was 1x1015 cm -2 f 0r electrons and 1 xl 0 1 2 cm' 2 for protons. (The electron and proton irradiations were made 
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Results 

Mo „ ol J? dlas 1 a " d ' H .? h ° w the avera ge values from the measurements between each radiation exposure for 1 
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, h . co d ^ 00d Q aSb cells have efficiencies over 6% in AMO sunlight under a GaAs filter ) Fiaures 2 and 3 show 
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q Honrn The spectral response curves for GaSb cells during electron exposure is shown in Figure 5 These show 
being decreased Bv'mS™ l!i"!!?ifJ aC,,0 !l irrad ' alion . » hlch suggests that the bulk minority carrier lifetime is 

coefficient of 3.5x10 (compared to 7x10® for GaAs found in reference 4 ). 
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calculate . r ^p over Y.° P r oton-damaged cells has been observed at temperatures as low as 80°C which is what we 
calculate is the maximum operating temperature ol the assembly under concentrated sunlight in spare 


Discussion 
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nr^ S m C ?K r6 /l' ' _ Howev er, proton exposures have shown that GaSb cells are more susceptible to i i M pV 
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M e \/ 6 to 30 S M e V tref °8) R with higher energies, often down an order of magnitude from 1 

eV i ' n a concentra tor system the coverglass can be considerably thicker than in a flat niatp 
system; since only the area where the light is focused needs to be covered, the ^weight^ ^fsiiSmiv educed 

i r n m C0Ve / 9laSS , thi ^ ness would de P end on ,he orbit - we expect to beabll 5 
aSb cell from protons. In addition to the protection, there may be some annealing of proton damage y 

We conclude that GaAs/GaSb tandem assemblies are a very good candidate for space concentrator 
nnl^ilrtrr arra y s s,nce Ga As cells are known to be radiation resistant, and we have shown that GaSb cells have 
good electron resistance and are protected from protons. Further radiation tests and annealina experiments will 
improve our estimates of how much the GaSb cells will degrade in a space environment. 
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Table I. - AVERAGE CHARACTERISTICS FOR GaSb 
CELLS EXPOSED TO 1 MeV ELECTRONS. 
(Efficiency, open-circuit voltage and fill factor 
were measured at 50X AMO concentration.) 


Dose, 
e/cm 2 

Efficiency, 

% 

J„ (1-sun), 
mA/cm 

Yoc » 
V 

Fill factor 

— 

4.7 

23.8 

0.408 

0.654 

■RBH 

4.5 

22.9 

0.403 

0.647 


4.1 

21.8 

0.396 

0.643 

■BEH 

3.7 

19.9 

0.386 

0.642 
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Table II. - AVERAGE CHARACTERISTICS FOR GaSb 
CELLS EXPOSED TO 1 MeV PROTONS. 
(Efficiency, open-circuit voltage and fill factor 
were measured at 50X AMO concentration.) 


Dose, 
p/cm 2 

Efficiency, 

% 

J 8C (1-sun), 
mA/cm 2 

V , 
V 

Fill factor 

° 10 

4.8 

23.8 

0.410 

0.665 

3Xl0 11 

3.9 

20.3 

0.400 

0.660 

1x10 
_ 1 1 

3.3 

18.0 

0.390 

0.630 

3x10 
- _ « 12 

2.3 

15.1 

0.360 

0.590 

1x10 

1.5 

12.4 

0.300 

0.520 
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Figure 1. The GaAs/GaSb tandem assembly. The two cells are mechanically stacked but 
electrically isolated. 
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Figure 2. Normalized efficiency, short-circuit current an open-circuit voltage for GaSb cells 
during 1 MeV electron irradiation. 
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Figure 3. Normalized efficiency, short-circuit current and open circuit voltage for GaSb cells 
during 1 MeV proton irradiation. 
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Figure 4. The efficiency degradation of GaSb cells exposed to 1 MeV electrons. The data is 
averaged and normalized to the beginning of life values, and compares bare GaSb 
cells with those in a tandem assembly. 
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Figure 5. The spectral response curves for a GaSb cell as a function of 1 MeV electron exposure 
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Figure 6. 



The calculation of the diffusion length damage coefficient from the slope of 1/Lp 2 vs. 
the electron dose. 
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Figure 7. The spectral response curves for a GaSb cell as a function of 1 MeV proton exposure. 
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Energy of absorbed protons (MeV) oo Normalized values 



Temperature (°C for 1 hour) 

Isochronal annealing (1 hour at each temperature) shows partial recovery of proton- 
damage GaSb cells at temperatures below 160°C. 



Figure 9. The minimum proton energy required to pass through a coverglass and a 450 urn 
GaAs cell. 
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